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A new selective medium (PC .gar) for the isolation of Pseudomonas aeruginosa was developed, consisting of
30 ,ug of 9-chloro-9-[4-(diethylamino)phenyl]-9,10-dihydro-10-phenylacridine hydrochloride (C-390) per ml
and 30 ,ig of phenanthroline per ml in Columbia agar. PC agar was superior to phenanthroline, C-390,
acetamide, and cetrimide agars for the selective growth of P. aeruginosa.

Pseudomonas aeruginosa is an important opportunistic
pathogen in patients with neutropenia, thermal burns, and
cystic fibrosis. It owes its pathogenicity in part to its intrinsic
resistance to antibiotics (7). Neutropenic patients are often
infected with strains of P. aeruginosa after colonization of
the lower gastrointestinal tract (2). Other patients, such as
those with thermal burns, nosocomial pneumonia, or cystic
fibrosis (11), might also infect themselves with their endog-
enous strains of P. aeruginosa.
To better understand this process of autoinfection and to

design rational strategies for its prevention (5, 6), a sensitive
means of detecting P. aeruginosa in low numbers from
mixed cultures (such as the feces) is required. Several
selective media for P. aeruginosa have been described (1, 3,
8-10, 12-14, 16), but none is absolutely specific. We describe
a new selective agar medium containing phenanthroline and
9-chloro-9-[4-(diethylamino)phenyl]-9,10-dihydro-10-phenyl-
acridine hydrochloride (C-390) which has superior sensitiv-
ity and specificity for P. aeruginosa.
A total of 335 gram-positive and 1,978 gram-negative

strains were studied (see Table 2). Bacteria were kindly
provided by John Anderson from clinical specimens submit-
ted to the British Columbia's Children's Hospital diagnostic
microbiology laboratory; by Allison Clarke from Metropol-
itan Laboratory, Vancouver; by John Smith from Vancouver
General Hospital; and from the research collections of David
Scheifele and Marie Gribble. AU bacteria were identified by
conventional diagnostic microbiological techniques.

Cetrimide agar (Difco Laboratories, Detroit, Mich.) and
Columbia agar (Oxoid Ltd., Basingstoke, England) were
prepared by the manufacturers' recommendations. Aceta-
mide agar contained 20.0 g of acetamide (BDH Chemicals,
Toronto, Ontario, Canada), 5.0 g of NaCl, 1.0 g of
NH4H2PO4, 1.0 g of K2HPO4, and 15.0 g of Bacto-Agar
(Difco) in 1 liter of distilled water. Phenanthroline agar
contained 30 mg of phenanthroline (BDH) and 39 g of
Columbia agar per liter of distilled water. C-390 medium
contained 30 mg of C-390 (Norwich Eaton Pharmaceuticals,
Norwich, N.Y.) and 39 g of Columbia agar per liter of
distilled water. PC medium contained 30 mg of phenan-
throline, 30 mg of C-390, and 39 g of Columbia agar per liter
of distilled water.

Both broth and agar dilution MICs were determined with
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phenanthroline and C-390 (Table 1). Broth MICs were mea-
sured in acetamide broth as the sole carbon source (9) with
phenanthroline (0, 0.5, 1, 2, 4, 8, 16, 31, 62, 125, 250, 500,
and 1,000 ,ug/ml) or with C-390 (0 and 1.5 to 100 ,ug/ml in
serial twofold steps). Bacteria were grown overnight on
Columbia agar containing 5% sheep blood, inoculated at i05/
ml into each broth tube, and incubated at 37°C with vigorous
agitation for 18 h. The MIC was interpreted as the lowest
concentration of the added chemical at which turbidity was
not visible. Agar dilution MICs were determined with phe-
nanthroline (0, 2, 3, 4, 5, 10, 20, 30, 40, 50, 75, and 100 ,ug/
ml) or with C-390 (0, 10, 15, 17.5, 20, 25, 30, 40, 50, 75, and
100 ,ug/ml) in Columbia agar. Bacteria were grown for 18 h
on Columbia agar containing 5% sheep blood, suspended in
saline, and adjusted to a McFarland turbidity standard of
0.5. A 3-,ul aliquot of each strain was inoculated onto each of
the agar plates by using a replicator (Cathra International,
Inc., Minneapolis, Minn.), and the plates were incubated at
37°C overnight. The MIC was interpreted as the lowest
concentration of the inhibitor at which there was no visible
growth.
There were substantial differences in MIC results between

the agar and broth methods. P. aeruginosa was the only
species tested with high-level resistance to both substances
in the agar dilution method. All strains were therefore tested
for growth on agar with phenanthroline and/or C-390 added
at 30 ,ug/ml. All 2,313 bacterial strains (335 gram positive and
1,978 gram negative) were prepared as for the agar dilution
MIC determination and inoculated by replicator to Colum-
bia, acetamide, cetrimide, phenanthroline, C-390, and PC
agar media. The plates were incubated for 18 h at 37°C, and
each strain was assessed for visible growth (Table 2). Of the
1,456 strains of P. aeruginosa, all grew on phenanthroline,
1,452 grew on both C-390 and PC agar, 1,408 grew on
acetamide, and 1,433 grew on cetrimide. C-390 and PC agar
were superior to the other media in selectivity for P.
aeruginosa, and PC was clearly the best. Only P. aeruginosa
grew on PC agar, whereas 7 strains of Achromobacter spp.,
5 strains of Aeromonas hydrophila, 11 strains of Klebsiella
spp., 8 strains of Enterobacter spp., and 1 strain of Serratia
sp. grew on C-390. Phenanthroline (30 ,ug/ml) was not
selective for P. aeruginosa; it supported the growth of both
gram-positive and gram-negative strains. Nonetheless, when
phenanthroline was added to C-390 (PC medium) the few
non-P. aeruginosa strains that grew on C-390 were sup-
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TABLE 1. MICs of phenanthroline and C-390 for different
gram-negative bactéria

MIC (ktg/ml)

Agar dilution Broth dilutionBacterial species
Phenan- C-390 Phenan- C-390throline throline

Achromobacter 30 > 100 8 6
xylosoxidans

Acinetobacter 30 10 8 25
calcoaceticus

Serratia marcescens >100 10 8 3
Providencia stuartii >100 10 8 3
Proteus mirabilis >100 10 8 3
Escherichia coli

Lactose fermenting >100 10 4 1.5
Non-lactose fermenting >100 10 4 1.5

Pseudomonas aeruginosaa
Classic > 100 > 100 62 100
Mucoid >100 >100 31 100
Dwarf >100 >100 125 >100

a Colony morphology of P. aeruginosa strains is described in reference 15.

pressed or did not grow but there was no further suppression
of P. aeruginosa. Cetrimide agar inhibited the growth of all
gram-positive strains, and acetamide agar inhibited the
growth of most gram-positive strains. Growth on the five
media was unaffected after storage of the bacteria at -70°C.
Recovery of P. aeruginosa from sites where it is present in

low numbers or where other microorganisms are also
present provides a considerable challenge. Strategies to
enhance recovery of Pseudomonas spp. have included the
use of selective media (1, 8, 12, 16) and enrichment by
passage through acetamide broth (9, 14). Although both of
these approaches have been found to improve the isolation

rate of P. aeruginosa, neither is perfect. Selective media are

not absolutely specific for P. aeruginosa; they may inhibit
Pseudomonas spp. (4) as well as permit the growth of other
antibiotic-resistant gram-negative bacilli (1, 8, 10).

Selective media for isolation of P. aeruginosa include
nutrient agar supplemented with antibiotics (12, 16), cetri-
mide agar (4, 10), Pseudomonas isolation agar (with irgasan)
(4), and growth media supplemented with C-390 (1, 3, 8, 13)
or with phenanthroline (J. E. Keeven and B. T. DeCicco,
Abstr. Annu. Meet. Am. Soc. Microbiol. 1987, C355, p.
382). Of all these selective media, those supplemented with
C-390 have been the most sensitive and specific for thé
recovery of P. aeruginosa (13). Nonetheless, C-390 is not a
perfect selective agent; other gram-negative bacteria are
capable of growing in its presence (1). Furthermore, it is
potentially capable of inhibiting the growth of P. aeruginosa
(4). To obviate this potential problem, we combined low
concentrations of C-390 with phenanthroline, an agent which
suppresses the growth of some other gram-negative bacteria
but supports the normal growth of P. aeruginosa.

This new selective medium (PC agar), which consisted of
Columbia agar supplemented with C-390 and phenan-
throline, was superior to either of these selective agents used
alone at the sâme concentration and was far more sensitive
and specific than either acetamide or cetrimide agar. Phe-
nanthroline supported the growth of all strains of P. aerugi-
nosa tested but also permitted many other gram-positive and
gram-negative strains to grow. C-390 agar was more specific
for P. aeruginosa, but several Achromobacter, Aeromonas,
Klebsiella, Enterobacter, and Serratia strains were able to
grow. PC agar was as sensitive as C-390 for the recovery of
P. aeruginosa, but it was 100% specific; no other gram-
negative bacteria were recovered. The mechanism by which
addition of phenanthroline enhanced the specificity of the
C-390 medium is not known. We suspect that the two agents

TABLE 2. Growth of bacterial strains on different selective agar media

No. of strains grown on agar:
Bacterial species No. tested

Columbia Acetamide Cetrimide Phenanthroline C-390 PC

Pseudomonas aeruginosa 1,456 1,456 1,408 1,433 1,456 1,452 1,452
Pseudomonas maltophilia 75 75 73 1 36 0 0
Pseudomonas cepacia 17 17 14 9 8 0 0
Pseudomonas fluorescens il il 10 8 11 0 0
Pseudomonas putida 6 6 4 4 4 0 0
Other Pseudomonas spp. 9 9 8 3 1 0 0
Achromobacter spp. 13 13 13 13 13 7 0
Aeromonas hydrophila 28 28 28 4 2 5 O
Other nonfermenting 26 26 26 2 4 0 0

gram-negative bacilli
Escherichia coli 139 139 106 1 14 0 0
Proteus spp. 20 20 6 14 7 0 0
Morganella sp. 1 1 0 1 0 0 0
Providencia spp. 6 6 4 6 5 0 0
Citrobacter spp. 19 19 18 1 17 0 0
Klebsiella spp. 96 96 88 9 73 il 0
Enterobacter spp. 47 47 40 15 29 8 0
Serratia spp. 9 9 9 8 1 1 0
Staphylococcus aureus 137 137 0 0 135 0 0
Coagulase-negative staphylococci 126 126 0 0 122 0 0
Streptococcus spp. 61 61 1 0 57 0 0
Diphtheroids 10 10 3 0 0 0 0
Bacillus spp. 1 1 0 0 1 0 0
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were additive or synergistic against those strains able to
grow in the presence of either one alone.
PC agar could prove to be practical for enhancing recov-

ery of P. aeruginosa from sources containing other bacterial
species, such as stool, waste water, and environmental
samples. It may also improve detection of Pseudomonas
spp. from sites where the bacteria are present in very small
numbers, such as the throats of patients with cystic fibrosis
prior to the development of frank respiratory infection. This
new medium may also prove to be useful for presumptive
identification of P. aeruginosa in diagnostic laboratories in
which inoculation of different media is used to characterize
gram-negative bacilli.
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